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[57] ABSTRACT 

A base transceiver station operating a sectorized cell of a 
cellular radio system operates a plurality of narrow uplink 
main receive beams, and one or a plurality of uplink 
diversity received beams. A scanning means scans each of 
the uplink main receive beams to locate a communications 
channel on the main uplink beams. A diversity receiver 
receives a diverse beam signal from the diverse beam(s), 
which is compared with a beam signal received from a main 
uplink beam, and the main beam signal from the main beam, 
or a diverse beam signal from the diversity antenna is 
selected, depending on the comparative signal to noise ratio 
and signal strength of the main beam signal and diversity 
beam signal. 

30 Claims, 17 Drawing Sheets 
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MULTI-BEAM ANTENNA SYSTEM FOR mission path with minimal interference. For the purposes of 

CELLULAR RADIO BASE STATIONS ^ document, the use of the word "omni-directionar is 

intended to convey the meaning of having radiation cover- 
FIELD OF THE INVENTION age over an area corresponding to substantially the whole 

„ . . . * - z geographic area of a cell. The extent of the advantage of a 

This invention relates to an antenna arrangement and Qarrow ^ anteQna Qver an onmWirectional antenna ^ a 

method of operation of an antenna arrangement for use in a of the of the nam)W beam ^unm. ^ 

cellular communications system and more particularly, to an narrower the beam width, the greater the advantage, 

antenna arrangement and method employing diversity. However, the tracking beam antenna array, whilst provid- 

BACKGROUND TO THE INVENTION 10 f* ^P 1 ™* ™™ r . t0 ™*&™"* rati ° * vulnerable to 

fading, particularly since all elements in the antenna array 

In conventional cellular radio systems, geographical areas may be closely spaced together, and may therefore all 
are divided up into a plurality of adjoining cells, in which experience fading at the same time, 
mobile stations within a cell communicate with a base In another approach, there are provided a plurality of 
transceiver station. The frequency band within which eel- relatively narrow beams which are spatially fixed. As a 
hilar radio systems operate is limited in band width, and so mobile moves across an area covered by a plurality of 
available carrier frequencies need to be reused in order to beams, the mobile must be handed over from beam to beam, 
provide sufficient user capacity in the system. Carrier fre- and usin g a smart antenna arrangement, frequencies can be 
quencies are reused from cell to cell, and in conventional switched between beams to follow a mobile, so that the 
systems it is usual to divide each nominally hexagonal cell „ n ? obile can remain communicating on the same carrier 
into three sectors (a trisected cell) and to use omni- 20 ^«««y without the need to hand oyer to a different 
directional or sectorized antennas. earned frequency However, the smart antenna arrangement 

, , . * „ , required for a switched beam approach is also susceptible to 

There is increased capacity demand for use of cellular fadingj fof the same reasons as the ^ cking beams as 
radio systems. In deployments where the base transceiver described above. 

stations at the center of cells have insufficient capacity to 25 Qne solution to part iaUy overcome the effects of 
deal with demand from mobile stations within cells, in order fading ^ conventional omni-directional antennas and see- 
to increase call carrying capacity it is required to reduce the torized antennas is to employ diversity 1 . Referring to FIG. 3 
size of cells and create more cells of smaller area. However, herein, there is shown an example of a coverage area for a 
creation of new cells involves creation of new base trans- cellular radio system divided into a plurality of nominal 
ceiver stations which has the problem of increased equip- 30 hexagonal cells, each cell being sectorized into nominal 
ment cost, and other associated costs such as the cost of 120° angular sectors. Examples of 120° sectors are illus- 
renting or buying suitable sites. Further, it is increasingly trated 300, 301, 302. Conventionally, each 120° sector may 
difficult to obtain planning permission for new antenna sites. employ diversity, and be served by a pair of antennas, 
Thus, any techniques which allow increase of capacity at comprising first and second antenna elements spaced apart 
existing base transceiver stations are important. 35 f rom each other by a distance of the order of 2 to 3 meters 

The type of antenna used at the base station site can or so. Such antenna pairs help to overcome Rayleigh fading, 
potentially make significant improvements to the range and When one antenna is in fade, and receiving a weak signal, 
capacity of a cellular radio system. In one approach a base the other antenna of the pair may be out of fade and 
station antenna pattern comprises a beam of narrow angular receiving a stronger signal. A deployment of conventional 
widths as shown in FIGS. 1 and 2 herein. A narrow radiation 40 diversity pair antennas in a nominally hexagonal cell is 
beam 1 is directed by a base station Smart antenna 2 at a illustrated schematically in FIGS. 4 and 5 herein. On an 
desired mobile station 3. The beam is narrow in both an uplink, each antenna has a 120° wide beam of high gain 
azimuth and elevation planes, and tracks the mobile's move- sensitivity, from which it picks up signals from mobile 
ments. When compared to an omni-directional antenna, such stations within a zone covered by the beam. Beams from the 
a narrow beam has dual benefits of having high gain, leading 45 two antennas overlap each other, so that a signal transmitted 
to increased range in a thermal noise limited environment, by a mobile station MS within a zone covered by both beams 
and of rejecting interference from co-channel reuse cells, will be received by both antennas. In a tri-sectorized cell 
due to spatial separation of beams, thereby allowing higher using a diversity pair antenna approach, there may be 
capacity in a cell without cell splitting. A narrow beam has mounted a triangular support 500 on a mast 501, on each 
an advantage of reducing interference in a balanced manner 50 side of the triangular support, there being positioned a pair 
on an uplink and a downlink path. of antennas 502, 503; 504, 505; and 506, 507. A conven- 

Where each cell has a number of smart antennas having tional diversity pair antenna arrangement comprises a main 
narrow beams which track individual mobiles, there results antenna 502 and a diverse antenna 503, the two antennas 
an overall reduction in carrier to interference (C/I) ratio due connected to a diversity receiver. If the antennas of an 
to the statistical probability that different beams reusing the 55 antenna pair are spaced far enough apart, any fading expe- 
same carrier frequency will be pointing in different rienced by one antenna of the pair will be largely uncorre- 
directions, having different azimuths. The likelihood of two lated with fading experienced by the other antenna of the 
or more beams having a same carrier frequency intercepting pair. The gain advantage which can be achieved from 
each other is diminished. The narrower the beams, the lower employing conventional diversity pair antennas is typically 
the probability that a mobile will intercept a same frequency 60 within the range 3 dB to about 8 dB. The conventional 
beam of a different cell in which the same carrier frequency tri-sectorized base station antenna configuration produces an 
is re-used. Although a narrow radiation beam is formed at increase in carrier to interference ratio over a cellular radio 
radio frequencies typically in the 900 MHz, 1800 MHz or system employing diverse omni-directional antennas, whilst 
1900 MHz bands, a narrow beam can usefully be visualized retaining an improved signal to noise ratio by use of diver- 
as analogous to search light beams which emanate from the 65 sity pair antennas in each sector. 

base station, and track the mobiles. When contrasted with an Referring to FIG. 6 herein, there is illustrated schemati- 
omni-directional antenna, this creates a high quality trans- cally a switching arrangement of a prior art antenna arrange- 
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ment for a tri-sectorized cell incorporating three 120° sec- tions signal with a communications signal received by said 

tors. Each sector is provided with a diversity antenna pair diversity antenna. 

600, 601, 602 respectively, each antenna comprising a main Suitably, a said main antenna comprises a plurality of 

antenna and a diversity antenna. Each antenna is connected individual antenna elements. 

to an input of an RF switch 603 controlled by diversity radio 5 _ . _ . r 

receiver 604, which scans the received signals present on Said ^ versit V ™ iGn ™ may comprise a plurality of 

each of the diversity antenna pairs of the three sectors. antenna elements adapted to receive a said communications 

Sector scanning is performed to determine when to hand sl S nal on 0De or more of a Plurality of adjacent diversity 

over a mobile station from one sector to another The beams defined by said plurality of antenna elements, 

receiver 604 receiving an RF signal from a mobile on one 1Q The plurality of directional beams may comprise orthogo- 

sector occasionally scans the antennas of the other sectors to nal beams, or non -orthogonal beams. The plurality of beams 

compare the received signals strengths on those adjacent m ay be directable in different directions to each other, or 

sectors, to determine when to hand over a call between may be able to track a mobile station, 

sectors. An example of a prior art diversity receiver having Preferably said means for selecting a beam comprising an 

sector scanning facility is the NT-800-DR dual mode radio optimal signal ^ common t0 both said ant ennas. 

unit available from Northern Telecom Limited. Preferably said means for selecting a beam receiving an 

Whereas antennas having broad 120 sector coverage optimal signal intermittently re-selects said optimal signal, 

may provide some increase in system capacity through . . . . 

frequency reuse, for further improving the carrier to inter- u Preferably said intermittent re -selection comprises testing 

ference ratio and hence system capacity use of multiple ^ beams ad J acent said ******* bcam for an °P timal sl S DaL 

narrow beams in a sector, is desirable. To produce a plurality According to a second aspect of the present invention 

of narrow directional beams, an antenna array having plu- there is provided a method of receiving communications 

rality of antenna elements is used. The relative phase and signals in a cellular radio communications system, the 

amplitude weighting of each of the elements determine the method comprising the steps of: 

direction and width of the beams. The antenna array is ^ forming a first plurality of directional uplink beams; 

ideally as compact as possible, in order to reduce size and receiving communications signals on said first plurality of 

weight. However because such small apertures are used, the directional uplink beams; 

antennas are vulnerable to fading. The size and shape of forming at least one second directional uplink beam; 

array antennas which provide a narrow beam operation with . . _ .. , m . M 

J ... + *r*o ... receiving communications signals on said second direc- 

up to seven or eight beams per 120 sector means that these „ . . . ~ 
\ ^ . e J. „ , ... ,30 honal uplink beam 

antennas can experience fading on all beams simultaneously - , 

due to the close spacing of elements of the array antenna. u scannmg across said plurality of first beams to locate a 

Whilst it is desirable to use a large number of narrow b6am of sa,d **« P 1 "™ 1 "? recemn S aD °P tunal co— 

beams in a sector to increase capacity and it is desirable to ca I0ns Sl ^° a * , 

use compact aperture antennas from the advantage of low 35 Said method ma V com P nse a ste P °f <»mpann g ^ 

weight and small size, there remains a fading problem in all communications signal received on a said located beam with 

beams in a sector simultaneously using such a configuration. a said communications signal received on said second uplink 

Previous solutions to fading using diversity pair antennas Deam > 

all have wide aperture antennas. There remains a problem of Said method may compose a step of combining said 

increasing system capacity by greater re-use of carrier AQ communications signal located on said located beam with a 

frequencies in a narrow beam approach whilst overcoming sa id communications signal received m said second uplink 

fading in all beams of an antenna. beam. 

SUMMARY OF THE INVENTION f M meth0t j ^ C ™ P ™ the S ' 6pS * . 

forming a plurality of said second uplink beams; 

One object of the present invention is to provide improved 45 acrQSS ^ [urali of link beams tQ 

carnertomterferenceraUobyuseofmuliplebeamsmaceU ^ f beaffl Qf ^ secon(J ^ Qn which ^ 

sector, whilst providing improved signal to noise ratio and communications signal * optimallv received; and 

avoiding of fading problems. , . , . . , , 

A Z ° , 4U t . t . . t A comparing said communications channel received on said 

Another object of the present invention is to provide « . i * J i_ ^ j *• „ „u„ ^ 

, • * • * _r u . • first located beam with said communications channel 

improved carrier to interference ratio in a base transceiver . . . , , . . , , 

. . ... . . . . . * ui • i . 50 received on said second located beam, 

station equipment whilst maintaining acceptable signal to 

noise performance, and using an antenna array of relatively According to a third aspect of the present invention there 

compact size 13 P rov ^ ded an antenna arrangement for a cellular radio 

According to one aspect of the present invention there is system, comprising, 

provided an antenna arrangement for a cellular radio base 55 . a ^ antenna array capable of receiving first antenna 

station, said arrangement comprising: signals; 

a main antenna and a diversity antenna; wherein at least a first beam forn > er means capable of receiving said first 

one said antenna is configured to receive communications antenna signals and outputting a plurality of first beam 

signals on a plurality of directional beams. si S nals corresponding to a first plurality of beams; 

Preferably said main antenna receives a said communi- 60 a second antenna spaced apart from said first antenna, said 

cations signal on a plurality of said spatially distinct beams, second antenna capable of receiving second antenna signals; 

and said antenna arrangement further comprising means for a second beam former means capable of receiving said 

selecting from between said plurality of spatially distinct second antenna signals and outputting a second beam signal 

beams, a said beam providing optimal reception of the corresponding to at least one second beam; 

wanted communications signal. $s locating means for scanning across said plurality of first 

Preferably said antenna arrangement comprises a diver- beam signals to locate a communications signal received on 

sity receiver adapted to combine said optimal communica- a said directional beam; and 
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a receiver for receiving said first and second beams 
signals. 

Suitably, the first antenna comprises a main antenna and 
the second antenna comprises a diversity antenna. The 
receiver preferably comprises a diversity receiver. 5 

The diversity receiver may switch to the stronger of the 
signals received by the main antenna or the diverse antenna, 
or optimally the diversity receiver could combine the signals 
from the main antenna and the diverse antenna. There may 
be a significant advantage in selecting the strongest signal 10 
from the two antennas, or combining the signals from two 
antennas. 

Preferably said locating means operates to select a beam 
signal corresponding to an optimal receive beam of said first 15 
and second directional beams. 

Said antenna arrangement may comprise means for com- 
paring said first beam signals with said second beam signals. 

Said antenna arrangement may comprise means for com- 
bining said first beam signals with said second beam signals. 20 

Said second antenna may comprise a directional antenna 
capable of receiving communications signals on a second 
plurality of directional beams. 

Preferably said receiver simultaneously receives a beam 
signal from each of said plurality of beams, and sequentially 25 
scans said beam signals of said plurality of beams. 

Said first and second antennas may be physically spaced 
apart by a distance sufficient that when said first antenna 
experiences a fade, said second antenna is out of fade. 3Q 

According to a fourth aspect of the present invention there 
is provided method of receiving communications signals in 
a cellular radio communications system, the method com- 
prising the steps of: 

receiving first antenna signals on a first antenna array; 35 

inputting said first antenna signals into a first beam former 
means; 

outputting from said first beam former means a plurality 
of first beam signals corresponding to a first plurality of 
beams; 40 

receiving second antenna signals on a second antenna 
array, said second antenna array spaced apart from said first 
antenna array; 

inputting said second antenna signals to a second beam 45 
former beams; 

outputting from said second beam former means beam 
signals corresponding to at least one second beam; 

scanning said plurality of first beam signals to locate a 
communications signal received on a said beam; and 50 

inputting at least one of said first and second beam signals 
into a receiver. 

Said first plurality of beams suitably comprise a set of 
directional beams and a said at least one second beam may 55 
suitably comprise a single sector wide beam or a plurality of 
directional beams within a sector. 

According to a fifth aspect of the present invention there 
is provided an antenna arrangement for a cellular radio 
system, comprising: 60 

an antenna array capable of receiving signals from a 
plurality of main uplink beams, and at least one diverse 
uplink beam, and producing corresponding antenna signals, 
said main and diverse uplink beams being distinguishable 
from each other on a polarization basis; 55 

beam former means for receiving said antenna signals and 
producing a plurality of main beam signals corresponding to 
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said plurality of main beams, and at least one diverse beam 
signal corresponding to said at least one diverse uplink 
beam; and 

a locating means operating to: 

scan across said plurality of main beam signals to identify 
a beam of said first plurality of main uplink beams on which 
a communications channel signal is received; and 

a receiver means operating to compare said communica- 
tions signal received on said identified main beam with said 
communications signal identified on said diverse beam. 

Use of a dual polarized antenna array having narrow 
uplink beam segregation, and coupled to a diversity receiver 
may allow a relatively small antenna aperture, providing an 
increased carrier to interference ratio, and an acceptable 
signal to noise ratio. A received signal may experience a first 
amount of fading in one polarizatioo, and a second uncor- 
related amount of fading, or no fading in another polariza- 
tion. Comparison of mutually orthogonal polarizations of a 
received signal may enable selection of an optimum signal 
strength. 

Preferably said antenna is capable of receiving signals on 
a plurality of said diverse uplink beams, and said scanning 
means operates to scan across a corresponding plurality of 
diverse beam signals to identify a beam of said plurality on 
which said communications signal is received. 

According to a sixth aspect of the present invention there 
is provided a method of receiving communications signals in 
a cellular radio communications systems, the method com- 
prising the steps of: 

forming a first plurality of uplink beams, and at least one 
second uplink beam, said first and second beams being 
distinguishable from each other on a polarization basis; 

receiving a communications channel signal on said first 
and second uplink beams; 

scanning across said first plurality of beams to identify a 
beam of said first plurality on which a communications 
channel signal is received; and 

comparing said communications channel signal received 
on a said first identified beam with said communications 
signal received on a said second beam. 

Preferably said polarizations are mutually orthogonal. 

The method may comprise the steps of: 

forming a plurality of said second uplink beams; 

scanning across said second plurality of uplink beams to 
locate another said beam of said second plurality on which 
said communications channel signal is received; and 

comparing said communications channel signal received 
on said first identified beam with said communications 
channel signal received on said second identified beam. 

According to a seventh aspect of the present invention 
there is provided a method of receiving communications 
signals from a mobile station in a cellular radio communi- 
cations system, said method comprising the steps of: 

forming a plurality of main uplink beams; 

forming a plurality of diverse uplink beams; 

selecting at least one beam from said plurality of main 
uplink beams and said plurality of diverse uplink beams; and 

inputting said selected at least one beam into a receiver. 

Said plurality of main uplink beams may operate to 
distinguish signals of a first polarization; and 

said plurality of diverse beams may operate to distinguish 
signals of a second polarization. 

The invention includes a method of receiving communi- 
cations signals from a mobile station in a sectorized cellular 
radio communications system, said method comprising the 
steps of: 
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forming a plurality of main uplink beams in a sector; FIG. 20 illustrates a first monitoring scheme for monitor- 
forming at least one diverse uplink beam in said sector; i°g a main served beam, left and right main beams adjacent 
serving a said main uplink beam by monitoring signals ^ main served beam, and a diverse beam; and 

received on said main uplink beam monitoring signals FIG. 21 illustrates a second monitoring scheme for moni- 

received on said diverse uplink beam; and 5 toring a main served beam, left and right main beams 

periodically monitoring signals received on at least one adjacent the main served beam, and a diverse beam. 

said main uplink beam other than said served main uplink 

beam. 

Said other uplink beams may comprise main beams 

adjacent in azimuth to said served main beam. There will now be described by way of example the best 

mode contemplated by the inventors for carrying out the 

BRIEF DESCRIPTION OF THE DRAWINGS invention. In the following description numerous specific 

For a better understanding of the invention and to show details are set forth in order to provide a thorough under- 
flow the same may be carried into effect, there will now be standing of the present invention. It will be apparent 
described by way of example only, specific embodiments, however, to one skilled in the art, that the present invention 
methods and processes according to the present invention may be practiced without using these specific details. In 
with reference to the accompanying drawings in which: other instances, well known methods and structures have not 

FIG. 7 herein illustrates schematically a plurality of been described in detail so as not to unnecessarily obscure 

uplink receive beams of one sector of a cellular area; 2 o ^ e P rcsent invention. 

FIG. 8 illustrates schematically an architecture for a first Referring to FIG. 7 of the accompanying drawings there 

antenna arrangement receiving a main communications sig- & illustrated schematically in plan view a base transceiver 

nal on a plurality of main uplink receive beams, and a station 700 at a center of a cellular area receiving signals 

diverse communication signal on a diverse full sector broad from a plurality of mobile stations MS within a 120° sector, 

diverse uplink receive beam; 25 transce i yer station covers three such 120° sectors 

FIG. 9 illustrates schematically a second antenna arrange- j° a . tri-sectoriaed cell, however for ease of description 

ment receiving communications signals on a plurality of hereinafter methods and apparatus for operating one of those 

main uplink receive beams, and on a diverse uplink receive "A* **cnbod. It will be understood that coverage 

beam, the main uplink receive beams and diverse uplink of *• c f» duplication of parts of the appa- 

receive beam formed by spaced apart main and diverse 30 ratus described hereinafter. 

antenDas; A° antenna arrangement according to a specific embodi- 

FIG. 10 illustrates schematically a third antenna arrange- mcat of P rescnt invention is capable of receiving signals 

ment having a main antenna array and a diverse antenna transmitted by mobile stations, on a plurality of uplink 

array spaced apart from each other, the main antenna array recclvc beams 701-704. The uplink beams can be thought of 

receiving communications signals on a plurality of main 35 as a line of sight of an antenna with respect to a specific 

receive beams, and the diverse antenna array receiving carner frequency. For example, if a first beam 701 is 

signals on a plurality of diverse uplink signal beams; f ns,tivc to f m ° blle statl0n transmission signals at a carrier 

FIGS. 11 and 12 illustrate a beam scanning method f " th f c antcnna arrangement w>ll receive wUh a 

iv .i j . nigh degree of gam, any transmitted signals at carrier 

operated by the third antenna arrangement; C B & c .1? j i_ 4U u -m i_ , 

™^ . • „ r 40 frequency L within a zone covered by the beam 701, but 

FIG .13 illustrates schematically a fourth antenna arrange- fransmitted si als at carrier bequcncy f bGing emitted 

ment having main antenna array and diverse antenna array Qutside ^ ^ eitfaer tQ ^ left Qr tQ ^ ht ^ azimuth 

spaced apart from each other, wherein a plurality of main or QUt of m line of si ht of lhe beam ^ be onl 

uphnk receive beams are scanned and a plurality of diverse weakl recciyed> enablin thc antCDna tQ discriminate sig . 

uplink receive beams are scanned; ^ Qals from a mobile station Mgl ^ beam from otfaer 

FIG. 14 illustrates schematically a plurality of overlap- mter f er ing transmissions outside the beam. A plurality of 

ping mam uplink beams and overlapping diverse uplink directional relatively narrow beams enables greater fre- 

beams, wherein individual ones of the mam uplink beams quency re _ use a ^ as compared with an onm i_ 

overlap each other and individual ones of the diverse uplink dircct j ona i antenna, or a broadly directional antenna having 

beams overlap each other, and the diverse uplink beams sq a nQ o azimuth field of reception . A beam locate receiver 

overlap the mam uplink beams; receives signals from the antenna array corresponding to 

FIG. 15 illustrates schematically the main antenna array signals received on each of the plurality of beams. The beam 

and diversity antenna array of the fourth antenna arrange- i ocate reC eiver scans across the plurality of signals to locate 

ment of FIG. 14; a beam on which transmissions from a desired mobile 

FIG. 16 illustrates schematically a fifth antenna arrange- 55 station are being received, 

ment wherein a single aperture antenna array receives com- Referring to FIG. 8 herein there is illustrated a first 

munications signals on a plurality of main uplink beams antenna arrangement according to a first specific embodi- 

operating on a first polarization, and on a plurality of diverse ment of the presen t invention. The first antenna arrangement 

uplink beams operating on a second polarization; may be used to cover a ^ sector, eg a 120° cell sector of 

FIG. 17 illustrates schematically an uplink beam pattern 60 a cellular area. The first antenna arrangement comprises a 

of the fifth antenna arrangement, wherein each uphnk beam compact aperture multi -element main antenna array 800 

is segregated in terms of polarization; capable of discriminating transmitted signals within a plu- 

FIG. 18 illustrates schematically a more detailed imple- rahty of receive beam zones occupying a sector area, 

mentation of the fifth antenna arrangement of FIG. 16; received antenna signals from the main antenna array 800 

FIG. 19 illustrates a switch for selecting between a main 65 being fed through a beam former matrix 801 having a 

served beam signal, left and right adjacent main beam plurality of signal output ports, each signal output port 

signals, and a diverse beam signal; outputting a beam signal received from a corresponding 
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beam zone; a diverse antenna 802 capable of receiving The plurality of reception beams at main antenna array 
signals over a whole of the sector; a diversity receiver 803 800 may comprise narrow orthogonal non-overlapping 
receiving an output signal from the main antenna array 800 beams, for example four beams occupying a 120° sector, 
and the diverse antenna 802, and operating to compare the each beam having a -4 dB beam width of around 30°. In the 
two received signals and either select the strongest signal of 5 general case, the beam former can produce a beam pattern 
those output from the main antenna array or the diverse of an arbitrary number of beams, of various degrees of 
antenna, or operating to combine the signals of the main overlap or non-overlap. In this specification, the term 
antenna array and diverse antenna array; a switch control orthogonal is construed in accordance with its meaning as 
804 operating to switch an output of the beam former 801 described in "Introduction to Antennas" by M S Smith 2 , and 
corresponding to one of the said plurality of beams to the 10 non-orthogonal is construed accordingly, 
diversity receiver 803; and a beam locate receiver 805 Referring to FIG. 9 herein, there is shown a second 
operating to scan each of the outputs of the beam former 801 antenna arrangement according to a second specific embodi- 
for locating an output on which a received signal is present, mcnt of thc P rescnt invention. The second antenna arrange- 
corresponding to a signal received within a beam zone of ment composes on an uplink path a main multi-element 
one of the plurality of revive beams of the main antenna 15 antenna array 900 operating a plurality of overlapping 
array 800. The beam locate receiver 805 determines the best ^ ive beams covering a sector of a cell; a plurality of 
. r . - , c . t - diplexors 901, for separating out received antenna signals of 
beam for receiving a signal from a mobUe station within a ^ a F phira ff ty of linear amplifiers 902 for 
sector using waveform discrimination to distinguish wanted the rc ' ceiv £ d antcnna si ^ cac F h linear h _ 
from unwanted signals, and provides a switching signal to fier rcce iving a respective antenna signal from a correspond- 
the switch control which routes an output beam signal of the 20 mg reS p ect i ve said diplexor; a beam forming matrix 903 
beam former corresponding to the best beam for receiving receiving the amplified antenna signals; a plurality of multi- 
communications channel signals from the mobile station couplers 904 inputting beam signal/s corresponding to the 
through to the diversity receiver 803. plurality of beams from the beam forming matrix 903, and 

The beam locate receiver 805 receives a main beam signal also inputting similar beam signals from other antenna 

from each of the main beams, monitoring all those main 25 arrays covering other sectors of the cellular area; a diversity 

beam signals, and selects a beam having a strongest signal, antenna 905 operating a full sector receive beam and capable 

which is routed to the diversity receiver, 803. The diversity of receiving transmissions from mobile station signal 

receiver may either combine the main beam signal with the sources within the sector; an amplifier 906 for amplifying a 

diversity signal, eg by adding the two signals, or may select received beam output from the diversity antenna 905; a 

the signal having the best signal to interference and noise 30 second plurality of multi-couplers 907, receiving a diversity 

ratio. The beam locate receiver measures signal strength beam signal from the diversity antenna 905; a plurality of 

across all beams, to manage beam to beam hand-over, sector switches and digital radio units 908 receiving signals from 

to sector hand-over, or cell to cell hand-off of a call with the multi-couplers 904, 907, the digital radio units operating 

other cells. As a mobile approaches an edge of a cell, to compare the beam signals received from the multiplicity 

neighboring base stations of neighboring cells instruct their 35 of beams with a diversity signal received from the diversity 

locate receivers to search for that mobile in their beams. antenna 905 and to switch an appropriate selected signal to 

In the configuration of FIG. 8 herein, main antenna array transmitter switch/combiner matrix 909 which routes the 

800 distinguishes a plurality of narrow receive beams of call through to an appropriate beam formed by the transmit 

gain sensitivity. This may increase the carrier to interference chain. Each main beam feeds a main beam signal to a 

ratio in a sector, thereby allowing greater carrier frequency 40 corresponding respective digital radio unit 908, the arrange - 

reuse, and consequently increase of user capacity within a ment being that each digital radio units serves a respective 

cell without the need for cell splitting. However, because the main beam. Each digital radio unit also receives the diversity 

antenna array 800 has a narrow aperture, it is possible that beam signal from the full sector diversity beam, as well as 

all beams may experience a fade simultaneously. The receiving a main beam signal from the beam which it serves, 

diverse antenna 802 having a wider reception beam, is 45 and the diversity beam signal. Each digital radio unit also 

spaced apart from main antenna array 800 by a distance of receives a signal from main beams either side of its served 

2 to 3 meters depending on the wavelength of operation, and main beam. For radio units serving a main beam at the edge 

the environment in which the antenna is situated and pro- of a sector, these radio units have access to a main beam 

vides a diversity output signal for each of the signals signal from a main beam at an edge of the adjacent sector, 

received by each of the beams of the main antenna array 800. 50 Thus, in the case of a four uplink beam arrangement, each 

However, the diverse antenna 802 which is broadly direc- of the four corresponding radio units has four inputs, one 

tional over the whole of the sector, does not have the carrier from the corresponding main beam served by the radio unit, 

to interference advantage provided by the first antenna array one from the diverse beam, and one from each of the main 

800. It is not intuitively apparent that a combination of the beams adjacent in azimuth to left and right of the main beam 

multi-beam reception antenna array 800, having improved 55 served by the radio unit. Each digital radio unit periodically 

carrier to interference ratio, and the broad single beam monitors the signals received on the adjacent main beams, 

antenna 802 providing diversity signal will provide an and compares these with the signal received from the main 

overall improvement of carrier to interference ratio whilst served beam. If a signal received on an adjacent beam is 

maintaining acceptable signal to noise ratio performance. stronger than the signal received on the main served beam, 

However, simulation has indicated that the provision of a 60 then the radio unit initiates a hand-over of call to the radio 

diversity signal from the full sector beam diverse antenna receiver which has the adjacent uplink beam with the 

802 gives significant gain in signal to interference plus noise stronger signal as its own main served beam. The digital 

ratio relative to the multi-beam main antenna array 800. radio units manage beam to beam hand-over of a call on an 

Thus, the arrangement of FIG. 8 may improve overall carrier uplink path, depending on which beam a strongest signal for 

to interference ratio, whilst maintaining adequate signal to 65 a call is received. 

noise ratio, as compared with the prior art arrangement Referring to FIG. 10 herein, there is illustrated a fourth 

illustrated in FIGS. 4 to 6 herein. antenna arrangement according to a fourth specific embodi- 
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ment of the present invention. The fourth antenna arrange- beam signals from each of these beams being fed into 

ment comprises a multi-element main antenna array 1000 diversity receiver 1006. 

capable of receiving signals from a plurality of receive ^ locate ^iver may scan across the beams in 

beams covering a sector; a main beam former 1001 rcceiv- scqucn ce so that the receiver samples ones of the main and 

ing antenna signals from the main antenna array 1001; a 5 divcrsc beams in turn. 

diversity antenna 1002, comprising a multi -element antenna „ „ . „^ ' . . .„ , 

array capable of receiving diversity signals from a plurality Refemn g ,0 13 he J reu, > illustrated a fifth 

of directional receive beams; a diversity beam former 1003 antenn * f™gement according to a fifth specific embodi- 

receiving antenna signals from the diversity antenna 1002; a ment of ** present invenUon The fifth antenna arrangement 

single channel beam locate receiver 1004 operating to scan 10 °P era,es substantially similarly to the fourth antenna 

across a plurality of output ports of the main beam former arrangement, however a dual channel beam locate receiver 

1001 and diverse beam former 1003 to locate a signal on a 1300 [ s P rovld f d wh,ch dairies a pair of beams, le a 

corresponding receive beam of the main antenna 1001 or mam ^ and » corresponding diversity beam providing 

diverse antenna 1002; a switch control device 1005 for * e best signal performance, wherever those beams may be 

switching a beam signal output of the main beam former IS d ^ ec ' e , d ™ e bea f Iocate ""^ t 1300 eat ? of a 

1001 to a first input of a diversity receiver 1006; a diversity ?™ h * of mam ■»•■» ^ ° ut P ut m ? n beam form " 

switch control 1007 for switching a diversity signal received 130 ?.™ 6 sw " ches a beam sl &* 1 .»rresponduig to a required 

on a corresponding receive beam of the diversity antenna ™ b,le s ™} oa , t0 dive f ^ receivef 1301 ™ maiD swUch 

1002, the diversity switch control 1007 selecting the signal } m and simultaneously scans a plurality of diverse rece.ve 
from a plurality of output ports oftbe diversity beam former 20 beams, by inspecting corresponduig diverse beam signals 

1003, the diversity switch control 1007 receiving a switch out ? ul ^ diverse beam former ? 304 , ™* f le f/ bea .f 
signal from the main switch control 1005, the diversity g'vmg a s^onp. signal corresponding to the located mobile 
switch control operating to switch a received beam signal ™ e beam l^te 'ece.ver controk diverse switch 
from an output port of diversity beam former 1003 accord- ™* ***** *» ***** beam t0 d ' versl 'y receiver 
ing to me control signal received from main switch control 2S \ m ^ beam locate receiver can monitor mam and 
1005, the diversity receiver 1006 receiving the diversity d ' verse b eams either synchronously or asynchronously 
beam signal from the diversity switch control 1007. Mernatively, the beam locate receiver can operate in a dual 

™ . , , . , . - AAj( . A channel diversity mode to improve the beam selection 

The single channel beam locate receiver 1004 locates a c J 

. . & c u-i » »■ • u performance, 
transmission trom a mobile station in a beam zone corre- 

sponding to a received beam of the main or diverse antenna 30 ^ exam P le of operation of the fifth antenna arrangement 
1000, 1002, and operates the main switch control 1005 to of FIG - 13 is illustrated in FIG. 14 herein, in which a 
connect a corresponding beam signal present at an output plurality of main beams 1400-1403 heavily overlap each 
port of main beam former 1001 or diverse beam former 1003 other > havin S an azimuth beam width of around 50 each > 
to an input of the diversity receiver 1006. The main switch four beams covering a 120 sector, and a plurality of 
control 1005 sends a signal to the diversity switch control 35 diversit y received beams 1404-1407 overlap the plurality of 
1007 to switch a corresponding output port of the diversity main beams spatially. For example a mobile station MS may 
beam former 1003, which corresponds to a diversity receive fan within an overla P re S ion of first raain 1400, a 
beam which overlaps in pointing angle but which is spatiaUy second main beam 1401 > a ^ diversit y ^ m 1404 > and a 
oflket to the main received beam on which the signal from second diversity beam 1405. The signal received on the first 
the mobile station is being received. The diversity beam 40 main beam 1400 mav be rt stron g er than that received on the 
signal on the corresponding overlapping diversity receive second maiQ beam 1401 > whereas ^versity signal 
beam is switched to another input port of the diversity received on the second diversity beam 1405 may be stronger 
receiver 1006. The diversity receiver compares the beam that received on the first divereit y beam 14a4 _ Under 
signals from the main beam and from the corresponding circumstances, the beam locate receiver 1300 may 
diversity receive beam and selects the highest quality signal 45 select a main beam S1 8 nal correspondmg to first mam beam 
of those two signals, or alternatively combines those two 1400 and a *™?*y corresponding to second diver- 
signals. The beam locate receiver 1004 sequentially scans sil V beam 1405 for routin 8 t0 diversity receiver 1301. 
each of the beams issuing from the main antenna 1000 and Id general, adjacent beams may fade together. However, 
diversity antenna 1002 in order to locate communications if significant angle scatter is present, independently fading 
channels signals of mobile stations. The switch control 1005 50 signals received in different beams, can occur sometimes, 
controls the diversity switch 1007 to inspect beam signals but rarely. Selecting different main and diverse beams under 
from the corresponding diversity beam overlapping the main these circumstances can have an advantage. Such operation 
beam, such that the main beams and diversity beams are may be worthwhile in a situation where the mulitpath 
scanned together with the main beam and the corresponding environment is subject to high angle spread or scatter, 
overlapping diversity beam being inspected by the diversity 55 Referring to FIG. 15 herein, there is illustrated schemati- 
receiver simultaneously as the beam locate receiver scans cally the main antenna and diversity antenna of the fifth 
across the plurality of main beams. antenna arrangement of FIG. 16 in situ on top of a mast. 

Referring to FIGS. 11 and 12 herein, there is shown part Since the main antenna and diversity antenna comprise 

of a sequence of beam scanning across the plurality of main multi-element antenna arrays, their size will be larger than a 

beams and the corresponding plurality of diversity beams 60 corresponding omni -directional antenna (relative size of 

from the main antenna 1000 and diversity antenna 1002. In omni-directional antenna shown dotted). The main antenna 

FIG. 11 a first main beam 1100 is selected by the locate 1501 and diversity antenna 1502 are spaced apart by a 

receiver, and switch 1005 at the same time as corresponding distance of typically around 2 to 3 meters, such that when all 

spatially overlapping offset first diversity beam 1101. In the main beams are in fade, the distance between the main 

FIG. 12 the next one of the plurality of main beams in the 65 antenna array and diversity antenna array is such that the 

sector is selected, and the corresponding diversity receive fading experienced by the diversity antenna may be uncor- 

beam of diversity antenna 1002 is scanned at the same time, related with that experienced by the main antenna. However, 
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as mentioned previously obtaining planning permission for upon local conditions within the sector. The main beams 

erection of antenna arrays and masts is difficult, and increas- operating at the first polarization may be used to derive main 

ing the size of antenna arrays is a disadvantage from the cost beam signals, whereas the diverse beams operating in the 

and planning point of view, as well as experiencing second polarization may be used as the diverse beams. The 

increased technical problems due to increased wind resis- 5 first and second polarization are preferably orthogonal to 

tance and increased bulk. Ideally the facets of the multi- each other, and may comprise linear polarizations, or oppo- 

element antenna arrays would be made as slim as possible. site circular polarizations, or any combination of different 

Referring to FIG. 16 herein, there is illustrated a sixth polarizations, eg linear polarization and circular polariza- 

antenna arrangement according to a sixth specific embodi- tion. 

ment of the present invention. The sixth antenna arrange- 10 Th e antenna array 1600, receptive to first and second 
ment comprises a single antenna array 1600 comprising a polarization signals, may comprise a plurality of individual 
plurality of antenna elements capable of discriminating antenna elements in a single antenna element array. This has 
signals of a plurality of mobile stations by polarization; a an advantage of having a relatively compact aperture corn- 
first uplink beam former 1601 capable of receiving first pared to two spaced apart antennas, eg a main antenna and 
polarized antenna signals from the antenna array 1600; 15 a diverse antenna spaced apart typically by a distance of 2 
second uplink beam former 1602 capable of receiving to 3 meters depending on operational wavelength used and 
second polarized signals from the antenna array 1600; said environment. Because the received signals are discriminated 
first beam former 1601 outputting a plurality of first polar- from each other by means of polarization, when one polar- 
ization beam signals from a corresponding plurality of ■ ization is in fade, the other polarization may be less severely 
output ports of the first beam former 1601, and the second 2 o fade, or not in fade, even though the elements of the 
beam former 1602 outputting a second plurality of polar- antenna are compactly arranged. By providing a main beam 
ization beam signals from a plurality of output ports of the pattern and a diverse beam pattern differentiated by means 
second beam former 1602, said plurality of polarization of polarization, it may be possible to provide a compact 
beams signals corresponding to a plurality of main receive antenna having multiple narrow beams, thereby increasing 
beams sensitive to signals in said first polarization, and said 2 $ carrier to interference ratio, and also having compact aper- 
second beam former outputting said second polarization ture area, thereby incurring fewer problems with planning 
beam signals corresponding to a set of diverse receive permission, windage, weight and cost, whilst still maintain - 
beams, sensitive to receive signals of a second polarization; ing an adequate signal to noise ratio advantage through the 
a beam locate receiver 1603 operating to scan said output use of diversity. 

ports of first beam former 1601 to locate a beam signal 30 Each of the beams can be scanned firstly on its first 

carrying a received signal from a mobile station within a polarization, and secondly on its second polarization before 

sector covered by said beams, the beam locate receiver moving on to the next beam, in order to locate a wanted 

operating a main switch 1604 to switch a said first polar- signal and its corresponding diverse signal. Scanning to 

ization beam signal to a first input port of diversity receiver locate a wanted signal can operate in a variety of different 

1605, the main switch 1604 generating a control signal 35 ways. For example, a first polarization of each beam can be 

received by a diversity switch 1606, the diversity switch scanned, the beams being scanned in sequence, and then the 

1606 receiving a plurality of second polarization beam second polarization of each beam can be scanned, 

signals from second diversity beam former 1602, said diver- Alternatively, a first polarization of one beam can be 

sity switch 1606 selecting a diverse beam signal of a second scanned followed by a second polarization of that beam, 

polarization, corresponding to said diverse beams of said 40 before scanning the next adjacent beams first polarization 

second polarization, corresponding to the beam signal and then the next adjacent beams second polarization. In 

received from the main beam of said first polarization; said general, the first and second polarizations of the beams can 

diverse beam signal being switched by said diversity switch be scanned in any order, for example randomly or in 

1606 into a second input port of said diversity receiver 1605, accordance with a predetermined scanning algorithm, 

the diversity receiver 1605 operating to compare the main 45 Referring to FIG. 18 herein, there is illustrated an imple- 

beam signal and diverse beam signal and either select the mentation of polarized diversity narrow beams in a seventh 

stronger of the main signal and the diverse signal, or to antenna arrangement according to a seventh specific 

combine the main signal and diverse signal to produce an embodiment of the present invention. The seventh antenna 

output signal. arrangement receives signals from a first plurality of main 

Referring to FIG. 17 herein, there is illustrated a beam 50 receive beams 1800 receptive to a first polarization, and a 

pattern of the polarization antenna array 1600. The beam corresponding plurality of spatially overlapping diversity 

pattern comprises a plurality of relatively narrow beams in receive beams 1801 receptive to a second polarization. The 

azimuth, occupying a 120° sector of a cellular radio area. seventh antenna arrangement comprises a main antenna 

Typically a plurality of narrow beams may occupy a 120° array 1802 comprising a plurality of antenna elements, each 

sector. A main plurality of beams comprise beams of sen- 55 antenna element issuing a antenna signal to a corresponding 

sitivity to signals of a first polarization, whereas a diverse respective diplexor of a plurality of diplexors 1803, each of 

plurality of beams, occupying co-spatially with correspond- the diplexors splitting off the received antenna signal and 

ing respective said main beams are sensitive to signals of a feeding the received antenna signal into a corresponding 

second polarization. Each of the main beams operates at a linear amplifier of a plurality of linear amplifiers 1804, 

different carrier frequency, being a same carrier frequency at 60 which output amplified received antenna signals into main 

which each of the corresponding respective diverse beams of uplink beam forming matrix 1805, main uplink beam form- 

the second polarization operate. ing matrix 1805 comprising a plurality of output ports each 

A signal transmitted at arbitrary polarization by a mobile outputting a corresponding uplink received beam signal, 

station and which may suffer significant polarization mixing corresponding to a respective beam of the plurality of main 

in the propagation path falls within one of the beams and 65 beams 1800, the uplink beam signals being input into a 

may result in a stronger received signal in the first polar- plurality of multi-couplers 1806 along with other beam 

ization than the second polarization or vice versa, depending signals from other main antennas of other sectors of a cell; 
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a diversity antenna 1807 comprising a multi-element array, serving beam M s and adjacent left main beam M L is fol- 

the diversity antenna receiving signals from a plurality of lowed immediately, or within short succession by switching 

directional diversity receive beams 1801, each said element from the diverse serving beam to monitor the adjacent right 

of the diversity antenna generating a corresponding respec- main beam before reverting to selection of the main 

tive diversity antenna signal, the diversity antenna signals 5 serving beam and diverse serving beam. Periodically, the 

input to a plurality of linear amplifiers 1808, the linear adjacent left and adjacent right main beams are monitored 

amplifiers outputting amplified diversity antenna signals by switching from the main serving beam and diverse 

into input ports of a diversity beam forming matrix 1809; the serving beam. 

diversity beam forming matrix 1809 having a plurality of The digital radio units continuously scan other adjacent 

output ports corresponding to respective receive beams 1Q main beams in the sector, to determine if a stronger signal 

covering the sector, said diversity beam signals output from can be obtained on a beam other than the beam currently 

the diversity beam forming matrix 1809 being input to operating as the main serving beam. The digital radio unit 

second plurality of multi-couplers 1810; a plurality of substantially continuously receives a signal from a diverse 

switches and digital radio units 1811 receiving signals from beam, and can combine the signals from the main serving 

the first and second plurality of multi-couplers, correspond- beam and diverse serving beam D s . If the DRU detects 

ing to signals received on each of the main receive beams a stronger signal level in an adjacent main beam, then it 

and diversity receive beams; the digital radio units 1811 initiates a hand-over of the call so that the adjacent beam 

outputting signals to a transceiver switch/combiner matrix becomes the serving beam (ie the call is routed from the 

1912, which then get routed to a corresponding beam formed currcnt DRU *° a DRU whlch uses the ad J accat beam ^ thc 

on the downlink, or antenna. 2Q scrvm & bcam >- 

The main antenna array 1802 and diverse antenna array REFERENCES 

1807 are combined into the same antenna aperture, and are « MobUe communications Engineering", McGraw Hill, 

not spaced apart by a large distance. Elements of the main 198 2 Ch. 9. 

and diverse antenna arrays are close to each other, within the [ 2 ] "Introduction to Antennas" Martin S Smith, MacMillan, 

distance of a few wavelengths, and can be co-located. 25 1988, Ch. 6. 

Referring to FIGS. 19 and 20 herein, there is illustrated What is claimed is: 
operation of a digital radio unit of the embodiments of FIG. 1. An antenna arrangement for a cellular radio base 
9 or 18. Each digital radio unit serves a corresponding station, said arrangement being configurable to service call- 
respective main beam. The digital radio unit receives a ing mobile stations located in a cell sector, said arrangement 
signal from its main served beam M^.. Reception of the main 30 comprising: 

served beam is shown as a function of time in the upper a main antenna array arranged to discriminate transmitted 

part of FIG. 20. For most of the time, the digital radio unit signals within a plurality of received beam zones 

connects to the main served beam M s but periodically occupying an area of said sector, said main antenna 

disconnects from the main served beam and connects to a being thereby configured to receive communication 

signal from an adjacent main beam, for example an adjacent 35 signals on a plurality of spatially directional beams; 

beam to the left of the main serving beam M L , to test a diversity antenna, arranged to receive signals over a 

whether the signal on the left adjacent beam M L is stronger whole of said sector via operation of a full sector 

than the signal received on the main serving beam NT,. The received beam; 

digital radio unit also connects to a diverse serving beam D s , a diversity receiver arranged to receive a call output signal 

for most of the time, but periodically switches to connect to 40 on one 0 f said beams of said main antenna array and on 

another main beam adjacent to the main serving beam, for said diverse antenna beam, said receiver arranged to 

example the beam to the right of the main serving beam M*. combine said call output signal from both said beams to 

The digital radio unit monitors the adjacent left main beam provide a diversity call output signal. 

M L and adjacent right main beam either side of the main 2 . The antenna arrangement of claim 1, wherein said main 

serving beam M s , testing for a higher strength signal from a 45 antenna receives a said communications signal on one of 

mobile station on either of the adjacent left or adjacent right said p i ura iit y 0 f directional beams, said antenna arrange- 

main beams to a main serving beam, whilst simultaneously menl ft n fo T comprising means for selecting from between 

receiving a signal from the diverse serving beam D^. said p i ura iit y 0 f beams, a said beam receiving a wanted 

In the case of the second antenna arrangement of FIG. 9 communications signal, 

herein, there are a plurality of adjacent main beams in a 50 3. The antenna arrangement of claim 2, further compris- 

sector spatially overlapping in azimuth with a full sector mg a diversity receiver adapted to combine said wanted 

diversity beam. In this case, the serving diverse beam D, is communications signal with a communications signal 

the full sector diversity beam and the main serving beam can received by said diversity antenna, 

be any of the plurality of main beams in a sector. At the 4, The antenna arrangement as claimed in claim 1, 

edges of a sector, the adjacent main beam may be a main 55 wherein a said main antenna comprises a plurality of indi- 

beam from an adjacent sector, and the digital radio unit may vidual antenna elements. 

monitor a main beam of an adjacent sector. 5. The antenna arrangement of claim 1, wherein said 

In the fifth antenna arrangement of FIG. 18, there are diversity antenna comprises a plurality of antenna elements 

plurality of main beams and a plurality of diverse beams in adapted to receive a said communications signal on one or 

a sector. Under these circumstances, signals from the main 60 more of a plurality of adjacent diversity beams defined by 

serving beam and diverse serving beam are input into the said plurality of antenna elements. 

digital radio unit, and the digital radio unit periodically 6. The antenna arrangement as claimed in claim 1, 

monitors main beams adjacent either side of the main wherein said plurality of directional beams comprise 

serving beam to determine whether a stronger signal can be orthogonal beams. 

obtained on those beams. 65 7. The antenna arrangement as claimed in claim 1, 

Referring to FIG. 21 herein, there is shown an alternative wherein said plurality of beams comprise non-orthogonal 

monitoring pattern in which switching between the main beams. 
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8. The antenna arrangement as claimed in claim 1 wherein 
said plurality of beams are directable in different directions 
to each other. 

9. The antenna arrangement as claimed in claim 2, 
wherein said means for selecting a beam comprising an 
optimal signal is common to both said antennas. 

10. The antenna arrangement of claim 9, wherein said 
means for selecting a beam receiving an optimal signal 
intermittently re-selects said optimal signal. 



locating means for periodically scanning across said plu- 
rality of first beam signals to locate a communications 
signal received on a said beam; and 

a receiver for receiving said first and second beam signals 
so as to hand said call to said located beam; said 
receiver arranged to combine said second beam signal 
and said located first beam signal to provide a diversity 
signal. 

17. The antenna arrangement as claimed in claim 16, 



11. The antenna arrangement of claim 10, wherein said 1Q wherein said locating means operates to select a beam signal 



intermittent re-selection comprises testing beams adjacent 
said selected beam for an optimal signal. 

12. An antenna arrangement as claimed in claim 1, 
wherein said receiver is configured to periodically scan said 
main antenna array beams so as to locate said output signals 
and thereafter to compare said signals so as to select one of 
said signals depending on the comparative signal to noise 
ratio and signal strength of said output signals; and 

handing said call to the beam associated with said selected 
signals. 

13. A method of receiving communications call signals in 
a cellular radio communications system, the method com- 
prising the steps of: 

forming a first plurality of directional narrow uplink 
beams at a main antenna; receiving communications 
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corresponding to an optimal receive beam of said first and 
second directional beams. 

18. The antenna as claimed in claim 16, comprising: 
means for comparing said first beam signals with said 

second beam signals. 

19. The antenna arrangement as claimed in claim 16, 
wherein said second antenna comprises a directional antenna 
capable of receiving communications signals on a second 
plurality of directional beams, 

20. The antenna arrangement as claimed in claim 16, 
wherein said receiver simultaneously receives a beam signal 
from each of said plurality of beams, and sequentially scans 
said beam signals of said plurality of beams. 



21. The antenna arrangement as claimed in claim 16, 

signals on said first plurality of directional uplink 25 wherein said first and second antennas are physically spaced 

beams; apart by a distance sufficient that when said first antenna 

forming at least one second full sector uplink beam at a experiences a fade, said second antenna is out of fade, 

diverse antenna; receiving communications signals on 22. A method of receiving communications call signals in 

said second uplink beam; a cellular radio communications system the method com- 

periodically scanning across said plurality of first uplink 30 prising the steps of: 



beams to locate a beam receiving an optimal commu- 
nication signal associated with a given call; 
handing said call to said located first uplink beam; and 
providing a diversity signal by combining said received 
signals from said second uplink beam and said located 
first uplink beam. 

14. The method as claimed in claim 13, comprising the 
step of: 

comparing a said communications signal received on a 
located beam of said first plurality of beams with a said 
communications signal received on said second uplink 
beam. 

15. The method as claimed in claim 13, comprising the 
steps of: 

forming a plurality of said second uplink beams; 
scanning across said plurality of second uplink beams to 

locate a beam of said second plurality on which said 

communications signal is optimally received; and 
comparing said communications channel received on said 

first located beam with said communications channel 

received on said second located beam. 

16. An antenna arrangement for a cellular radio system 
configurable to handle a call from a mobile station, com- 
prising: 

a first antenna array capable of receiving first antenna 
signals; 

a first beam forming means capable of receiving said first 
antenna signals and outputting a plurality of first beam 
signals corresponding to a first plurality of narrow 
beams; 

a second antenna spaced apart from said first antenna, said 
second antenna capable of receiving second antenna 
signals; 

a second beam former means capable of receiving said 
second antenna signals and outputting a second beam 
signal corresponding to at least one full sector second 
beam; 
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receiving first antenna signals on a first antenna array; 
inputting first antenna signals into a first beam former 
means; 

outputting from said first beam former means a plurality 
of first beam signals corresponding to a plurality of 
narrow beams; 

receiving second antenna signals on a second antenna 
array, said second antenna array spaced apart from said 
first antenna array; 

inputting said second antenna signals to a second beam 
former means; 

outputting from said second beam former means second 
beam signals corresponding to a full sector beam; 

periodically scanning said plurality of narrow beam sig- 
nals to locate an optimal communications call signal 
received on a said beam; and 

inputting said located narrow beam and said full sector 
beam signals into a receiver which combines said 
signals to provide a diversity signal. 

23, An antenna arrangement for a cellular radio system 
configurable to handle a communications call from a mobile 
station, comprising: 

an antenna array capable of receiving signals from a 
plurality of main narrow uplink beams, and at least one 
full sector diverse uplink beam, and producing corre- 
sponding antenna signals, said main and diverse uplink 
beams being distinguishable from each other on a 
polarization basis; 

beam former means for receiving said antenna signals and 
producing a plurality of main beam signals correspond- 
ing to said plurality of main narrow beams, and at least 
one diverse beam signal corresponding to said at least 
one full sector diverse uplink beam; and 

a locating means operating to; 

periodically scan across said plurality of main beams 
signals to identify a beam of said first plurality of main 
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uplink beams on which a communications channel call 
signal is received; 
a receiver means operating to compare said communica- 
tion signals received on said identified main beam with 
said communications signal identified on said diverse 5 
beam said receiver means being configured to select the 
main narrow beam having the optimal signal and 
thereby hand the call to said selected main beam; said 
receiver combining said selected main beam and said 
diverse beam signals to provide a diversity signal. 10 

24. The antenna arrangement as claimed in claim 23, 
wherein said antenna is capable of receiving signals on a 
plurality of said diverse uplink beams, and said scanning 
means operates to scan across a corresponding plurality of 
diverse beam signals to identify a beam of said plurality on 15 
which said communications signal is received. 

25. A method of receiving communication signals in a 
cellular radio communications system so as to handle a 
communications call from a mobile station, the method 
comprising the steps of: 20 

forming a plurality of main uplink narrow beams, said at 
least one diverse full sector uplink beam, said main and 
diverse beams being distinguishable from each other on 
a polarization basis; ^ 

receiving a communications channel signal of said main 
and diverse uplink beam; 

periodically scanning across said plurality of main beams 
to identify a said beam on which a communications 
channel call signal is received; 30 

combining said communications channel signal received 
on a said main identified beam with said communica- 
tions signals received on a said diverse beam; and 

handing said call to said identified main beams. 

26. The method as claimed in claim 25, wherein said 35 
polarizations are mutually orthogonal. 

27. The method as claimed in claim 25, comprising the 
steps of: 

forming a plurality of said diverse uplink beams; ^ 
scanning across said plurality of diverse uplink beams to 
identify a said diverse beam on which said communi- 
cations channel signal is received; and 
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comparing said communications channel signal received 
on said identified main beam with said communications 
channel signal received on said identified diverse beam, 

28. A method of receiving communications signals from 
a mobile station in a cellular radio communications call 
system, said method comprising the steps of; 

forming a plurality of main uplink beams; 

forming a plurality of diverse uplink beams; 

selecting at least, by a periodic scanning process, one 

beam from said plurality of main uplink beams and said 

plurality of diverse uplink beams; and 
inputting said selected at least beam into a receiver so as 

to hand said call to said selected beam; 
wherein said plurality of main uplink beams operate to 

distinguish signals of a first polarization; and 
said plurality of diverse beams operate to distinguish 

signals of a second polarization. 

29. A method of receiving communications call signals 
from a mobile station in a sectorised cellular radio commu- 
nications system, said method comprising the steps of: 

forming a plurality of main uplink narrow beams in a 
sector; 

forming at least one diverse full sector uplink beam in said 
sector; 

serving a said main uplink beam and by monitoring 
signals received on said main uplink beam monitoring 
signals received on said diverse uplink beams; and 

periodically monitoring signals received on at least one 
said main uplink beam other than said served main 
uplink beam; and 

for a given call, handing said call to a main beam 
determined to receive an optimal call signal; combining 
said optimal call signal and said diverse signal. 

30. The method as claimed in claim 29, wherein said other 
uplink beams comprise main beams adjacent in azimuth to 
said served main beam. 

***** 
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